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ABSTRACT 

Freight trip generation models are a key input to transportation system planning studies, 

transportation infrastructure design and policy making processes since estimations from 

these models are commonly used to forecast the traffic impact of freight transportation. 

Therefore, accurate models for freight trip generation are vital to avoid negative impacts 

on the costs of transportation system improvement initiatives and prevent the 

implementation of ineffective policies with the consequent misuse of public funds. A 

common assumption in the case of passenger trip generation applications is that models 

are stable over the time and can be used for different periods of time. This is not 

necessarily the case for freight trip generation models since the number of trips either 

attracted or produced by a commercial establishment is an expression of a multiplicity of 

economic factors subject to variation over the time.   

This research conducts an extensive modeling process to determine and analyze time-

dependent effects in freight trip generation models and their implications for planning and 

policy making purposes. The set of models estimated for freight trip generation includes 

fixed and continuous time-dependent factors with different functional forms. Models that 

include revenue are also analyzed along with their effects and interaction with time-

dependent variables. A comparative analysis with previous models from the literature 

related to freight trip generation is also presented. 

The results suggest that time-dependent effects are highly significant in freight trip 

generation models and ignoring such effects when using these models to forecast traffic 

demand could lead to serious under/overestimation errors that could cause planning 

processes, regulations and policies based on these models to be completely ineffective. 

The comparative analysis conducted reveal that models including time-dependent effects 

and revenue have a good fit to the data and produce better estimations than those reported 

in previous studies. The study also demonstrates that models including time-dependent 

effects and revenue are highly responsive to market disruptions such as those caused by a 

financial crisis. These types of models are also well-suited to be used with both 

explanatory and forecasting purposes. 

 



 

1. INTRODUCTION 

Transportation system planning operations, transportation infrastructure design studies 

and transportation policies commonly rely on freight trip generation model to determine 

the number of trips that are produced and attracted to establishments of different industry 

sectors in the market. This process is typically what is used to describe and analyze the 

dynamics of the distribution of freight trips in a given geographic area as well as the traffic 

impact of freight operation within the transportation network. Temporal stability refers to 

the ability of models to accurately produce estimations for different time periods. 

Although temporal stability in passenger trip generation models is a common assumption, 

this could not necessarily be the case for freight trip generation models, since freight trips 

are rather an expression of a combination of factors including market dynamics, political 

decisions made by public institutions regulating the transportation system and logistic 

decisions made by freight transportation related businesses and operators aiming at 

minimizing the logistic costs of their operations.  

This research study presents a modeling process aiming at determining whether or not 

freight trip generation models are stable over the time and analyzing the impacts and 

implications of time-dependent effects in such types of models. Section number 2 presents 

a review of the most relevant research works dealing with freight trip generation modeling, 

model and parameter stability studies in transportation studies and analysis of time-

dependent effects in freight trip generation models. Section 3 describes the data used in 

this study as well as important aspects of the data acquisition and preparation processes 

conducted for this study. Section 4 presents the results of the different types of models and 

time-dependent effects considered as part of this study along with some analysis aiming 

at understanding the nature of time-dependent effects and their interactions with 

establishment revenue. A comparative analysis with models from previous works from the 

literature of freight trip generation modeling is also presented. Section 6 analyses some 

important implications of time-dependent effects in freight trip generation modeling for 

planning and policy purposes. Finally, conclusions and recommendations are presented. 
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2. LITERATURE REVIEW 

2.1 Freight Trip Generation Modeling 

Freight trip generation modeling is a very important area in the body of research devoted 

to transportation issues since it works as a foundation for most freight transportation 

system planning projects, infrastructure investment projects as well as for policy making 

purposes. This process aims at predicting the number of freight trips either attracted or 

produced in a set of defined transportation analysis zones within a given transportation 

system [1]. Understanding the key factors influencing the behavior of the agents involved 

is necessary to developing freight trip generation models –based on the underlying 

economic activity– that are able to accurately represent and predict the impact of freight 

transportation on the network. Correspondingly, accurate models would lead 

transportation practitioners and policy makers to better regulate the transportation system 

in order to improve its overall performance and properly allocate the public funds. 

 One of the most important factors to take into account in the modeling process of freight 

trips is the relationship between business size and the number of freight trips generated as 

an expression of the impact of the economic activities of establishments in the 

transportation system. Typically, the business size in terms of square-footage has been 

implemented in most freight trip generation models as the predictor variable explaining 

the number of trips generated by an establishment. However many recent studies show 

that since this variable cannot properly account for the amount of economic activity taking 

place inside a location –does not give information on the actual usage of the space– this 

approach will lead to models with a lower predictive power [2]. Consequently, the 

modeling process undertaken for this study includes variables such as employment and 

revenue that can more efficiently capture the economic activity of the businesses.  

Another important factor to take into account is the level of aggregation used to produce 

the models. It is well known that although aggregate models are easier to estimate and 

commonly require less data, they lack explanatory and predictive power, especially 

considering that there is a great deal of heterogeneity among the different economic 

activities affecting freight demand. Therefore, disaggregate models are more suitable to 

produce more accurate models with better explanatory and predictive abilities.  
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The classification system used to produce models is also important since traditional 

approaches such as implementing land use classifications are unable to properly capture 

the heterogeneity of the different economic activities taking place in metropolitan areas. 

For this purpose, industrial classification systems would yield better models, since these 

systems produce a more homogeneous grouping method to capture economic activity as 

they group businesses with similar characteristics. The classification system implemented 

for the present study is The North American Industry Classification System (NAICS), as 

it is the current classification system in use nationwide and it is a comprehensive and 

detailed business classification systems.  

Apart from the industry sector classification, another categorization could be generated 

since a selected group industry sectors could be held responsible for a big percentage of 

the freight transported. In terms of the amount of freight generated, industry sectors such 

as construction, manufacturing, retailers, and wholesalers, for instance, produce or attract 

more cargo than other industry sectors. However, this does not necessarily mean that they 

proportionally produce the bulk of freight trips generated in the whole transportation 

system, since depending on logistic decisions, shipment sizes could be increased reducing 

the number and frequency of vehicle trips needed to transport the cargo. Thus, another 

classification of freight intensive sectors and service intensive sectors was defined. Service 

intensive sectors may not move a lot of cargo in the system but tend to be responsible for 

a considerable number of service trips –vehicle trips generated to perform a service in a 

customer location– which also consumes a lot of infrastructure and transportation 

resources. However, service trip analysis will not be the focus of this study.  

The present study focuses on those industry sectors classified as freight intensive. Among 

the 4 datasets implemented for this study, the NAICS codes for each establishment was 

available either provided by the survey respondent or by the Dun & Bradstreet data 

collected with each observation. Of equal importance for the modeling process is the 

statistical method used to capture the relationships between the factors influencing freight 

demand and the number of trips generated within each industry sector. Several statistical 

methods have been produced for this purpose. A brief discussion about some of these 

methods will be presented in the following sections. 
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2.1.1 Economic Agents Involved 

The multiplicity of activities and economic agents involved in the freight transportation 

system impose a great deal of complexity to the problem of traffic demand management 

operations. This is in part because freight trip generation is not only determined by the 

flows of cargo from geographically scattered origin locations to destination points but is 

also affected by other factors. Origins are locations in which goods are produced or enter 

the transportation system –such as air and maritime ports–. Destinations correspond to 

consumption points which could be either the end users or intermediate agents that process 

and redistribute the cargo. In addition to these intrinsic flows determining the amount of 

cargo traveling from the origin to destination points, the number of freight trips is also 

determined by decisions made by the economic agents which commonly try to minimize 

the logistic costs of transporting cargo to its final destinations.  

Multiple agents are involved in freight transportation activities, yet in general, the three 

key players determining the behavioral patterns in the freight system are shippers, carriers 

and receivers as previous research suggests [3]. Shippers are those businesses that 

constitute the producers and manufacturers of goods who send the cargo. Carriers are 

defined as businesses in charge of transporting the goods from the shipper's location to the 

receivers. The receivers, on the other hand, are those establishment demanding the cargo 

and constitute the destination point. However in the middle of these origin destination 

links between shippers and receivers we find not only carriers but multiple agents such as 

distribution centers, logistic operators, and warehouses among other type of businesses in 

charge of receive, storage and manage the distribution of goods in order to minimize 

logistic costs which involve a balance between transportation, storage and handling costs. 

Figure 2.1 depicts how the flow of goods take place among this multiplicity of agents.  

A particular aspect characteristic of freight transportation is that distribution decisions are 

affected by the selection of shipment size; at the same time the selection of shipment size 

is also affected by distribution decisions; eventually, is the balance of the market between 

these two activities that in turn determines the amount of freight trips produced [4].  
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Figure 2.1: Flow of freight among different operators 

A good understanding of the multiplicity of interactions that take place between these 

actors is also a key component of the freight trip generation modeling process. For 

instance, among shippers, important information about the amount of cargo produced, the 

type of cargo, characteristics of their consumers and their locations can be obtained. 

However, from the standpoint of shippers, it is hard to determine how the cargo is 

distributed to customer's locations and the number of trips produced as well as the delivery 

frequencies. Receivers, on the other hand, tend to have a good understanding of the amount 

of delivery trips they receive and the characteristics of the cargo, however, they have no 

information about what happens before the cargo arrives at their loading areas. Carriers 

tend to have more information on the distribution of freight, delivery frequencies and 

amounts transported, however, they commonly do not know much about the cargo and the 

magnitude of the economic activity of the shippers they transport for or the receivers they 

deliver to. Carriers also do not have much decision power in the determination of shipment 

sizes since this decision is often controlled by receivers and in some cases by shippers 

operating in certain environments of oligopoly.  

The analysis in this study focuses on estimating freight trip generation models that could 

accurate describe and predict the flows of cargo and amounts of freight trips generated 

from the interactions between shippers and receivers, their applicability and transferability 
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across different time periods, the analysis of the effects of time on freight trip generation 

model parameters and its implications for planning and policy making purposes within the 

transportation system. Accordingly, as part of the study presented here, a set of 

econometric models are developed in order to estimate the number of freight trips attracted 

by receivers as well as the number of freight trips produced by shippers. Freight trip 

attraction and production can be defined as follows: 

 Freight trip attraction refers to the number of vehicle trips arriving at a 

commercial establishment to deliver goods. This activity is inherent to all 

commercial establishments since regardless of the type of product or service 

provided, all commercial establishments require materials either to process and 

produce manufactured goods or perform a service for a customer. It is worthy to 

note that deliveries of goods to an establishment commonly do not produce just 

one vehicle trip but also include a return trip that very often is an empty vehicle 

trip. 

 Freight trip production refers to the number of vehicle trips departing from an 

establishment that sends cargo to receiver's locations. These shipments could be 

delivered either to end customers or to intermediaries such as warehouses, 

consolidation centers or processing plants before sending to the end customer. 

Freight production is not inherent to all establishments since food and service 

related establishments do not tend to produce cargo. On the contrary, these 

establishments tend to attract a lot of vehicle trips.  

The analysis of time effects on freight demand models performed in the present study 

focuses on the interaction of both, trips attracted and produced which in turn determine 

the distribution of trips in the transportation system and its impacts on traffic. The aim of 

this study also involves an analysis of the implication of time-dependent effects in terms 

of planning and policy making processes. 

2.1.2 Modeling Approaches 

Among the most used techniques implemented for this purpose are Multiple Classification 

Analysis (MCA) and Ordinary Least Squares (OLS). Although MCA is a very convenient 

technique in terms of its explanatory capabilities since this technique presents an excellent 

fit to the data as MCA do not impose any type of functional form and parameters can 

easily adjust for the different classifications, it also lacks any type of hypothesis testing[5]. 

In order to take into account both the explanatory and predictive capabilities of regression 

techniques as well as their ability to easily enable more in-depth economic analysis, OLS 
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was selected to perform the analysis on freight trip generation in this study. This method 

is able to capture statistical relationships existing between the number of freight trips 

generated and the amount of economic activity produced by an establishment. By using 

this method a given level of significance can be ensured and the statistical and theoretical 

validity of the model estimated can be tested. This procedure is also fairly easy to estimate. 

Different functional forms were considered.  

Due to data limitations, only two configurations of models were considered for this study, 

one with a traditional approach which estimates the number of freight trips generated by 

an establishment as a function of the employment, for which the effect of fixed and 

continuous time-dependent variables along with its interactions with the employment. 

Another set of models estimated considered including to this traditional approach the 

establishment revenue. For this effect, the revenue reported by the establishment was 

considered. Time-dependent effects and interactions with these variables were also 

considered for model transferability purposes. The implications of time-dependent effects 

and the stability of freight trip generation model parameters were analyzed as well. 

2.2 Parameter Stability in Transportation 

Some of the first applications of temporal stability analysis in transportation related 

models were presented for the case of vehicle trip generation models. Parameters in most 

of such cases were found to be very stable in time[6]. Depending on the type of models 

and nature of the predictors (independent variables) considered the models may be more 

or less stable over a time period. Also, conditional to whether or not the model parameters 

are stable over the time, the models could be used to forecast the travel demand in future 

instances in the design of new investment projects. The amount of research devoted to the 

analysis of transferability of trip generation models and the study of time-dependent 

effects in trip generation model parameters is very scarce and even less research has been 

done in the case of time-dependent effects in freight trip generation model parameters and 

its implications in transportation planning and policy making processes. 

Since trip generation models are commonly estimated as a function of different 

socioeconomic variables that could be easily collected via surveys or using census data, 

the use of such type of models is quite common among transportation practitioners for 
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passenger trip demand modeling. It is also commonly assumed that those models can be 

used to predict future conditions. In those cases only changes in variables such as 

population and population income for aggregate models, and family size or car ownership 

in the case of disaggregate models are expected. The underlying assumption is that the 

marginal effects of these variables in the production of vehicle trips do not change over 

time. However, as some early studies show, this is not always the case. In the study 

presented by Doubleday [7], the parameters for different socioeconomic variables used as 

predictors in a passenger trip generation model are analyzed and their temporal stability is 

tested. The study also presents an analysis of the nature of the common assumptions of 

temporal stability of trip generation models. One of the main results of this study is that 

variables such as employment status could present significant time-dependent changes for 

certain categories of models and specific groups in the population such as housewives, 

employed females, and retired persons, especially when disaggregate models are 

implemented with the individual as the behavioral unit. 

The hypothesis of temporal stability of trip generation model parameters have been 

extensively tested in the literature related to vehicle trip modeling. Most studies presented 

in the related literature, demonstrate the stability of vehicle trip generation model 

parameters [6, 8, 9]. Different approaches are used to test the temporal stability of 

passenger trip generation model parameters. One of these approaches is the collection of 

data from a particular population through surveys in two different time periods. Then 

passenger trip generation models are estimated from either the older or most recent data 

set and using the estimated models, predictions are drawn for its counterpart and compared 

with the real observations. Hypothesis tests could be used to statistically prove the 

similarity between the predicted trips and the real observations. This approach was 

implemented by Kannel and Heathington [6]; they implemented along with a parameter 

values comparison, a chi-square contingency analysis and proved that there were no 

statistical difference between the estimated and observed number of trips. The study was 

made for a time period of 7 years predicting both future and past observations for 

disaggregate travel demand models. 

McCarthy [10] used before and after data sets to estimate multinomial logit models of 

work trip modal choice as well. His study shows that the estimates of the coefficients of 
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the model are transferable in time, especially for short term forecasting applications, since 

all variable coefficients in his model were stable through short periods of time. Another 

approach commonly used to test the temporal stability of parameters in trip generation 

models is either to include time dependent variables in the trip generation models and test 

their statistical significance or to perform hypothesis tests on parameters from a base 

period model against a design or end period model parameters. By the means of a 

hypothesis test McCarthy [10] also proves at a 95% level of confidence, the temporal 

stability of the model coefficients for estimated for 1973-4 and 1975. The study 

corresponds to a before and after implementation of the Bay Area Rapid Transit (BART) 

in the city of San Francisco.  

The research conducted by Gunn [8] used the same approach to test the transferability of 

model coefficients of disaggregate travel demand models at the beginning and end of a ten 

years period. The study was applied for different European regions, in order to test special 

transferability as well. In this study, estimates were drawn from both data sets which used 

revealed and stated preference data respectively. Contrasting with previous cases 

presented, they compared the model parameters of the different variables in the beginning 

and ending period data sets by looking for scaling factors, where a scaling factor of 1.0 

would indicate that the model parameters are transferable. The results of the study 

confirmed the transferability of travel demand models, suggesting that these set of models 

were suitable for forecasting purposes.   

The study presented by Mwakalonge, Waller and Perkins [11], also confirmed the short 

term temporal stability for linear-regression trip generation models for total travel time. 

The approach they used to test the temporal stability of the model parameters was to run 

a t-test on the coefficients of the independent variables (predictors) for the base year 

models against the design year models. The results show that the parameters for variables 

such as certain family structures, household size, and constant term were found to be 

temporally stable. They also present a comparative analysis of observed and predicted 

values of trips. One of the key findings of this work is that although regression trip 

generation models for total travel time present short-term temporal stability, their ability 

to correctly predict future scenarios decrease with time, which reveals that long term 

predictions should not be obtained with these models. The study was mainly centered in 
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analyzing the non-motorized vehicles trip generation, for which temporal stability could 

not be proved. Huntsinger [9] also presents evidence of temporal stability for mode choice 

and logistic regression models for trips generation. His study also shows the implication 

of changes in trips rates for project level planning processes. Similar to the previous works 

presented this research also implements statistical tests on model parameters to assess their 

stability over time using data from the period between 1995 and 2006. Parameter equality 

between the two models tested is statistically proved in almost all cases studied via t-tests. 

This study also measures the precision of the prediction of future observed behavior in trip 

making processes, where a percentage error is calculated for the predicted versus the 

observed cases.  

The analysis of different studies presented in the literature of passenger trip generation 

suggests that in general, we could say that for the specific case of passenger vehicle trip 

generation the parameters of predictor variables tend to be stable over short periods of 

time. This however, is not the case for long period studies, which is commonly the case in 

both design and investment projects and policy making processes. In such cases, the 

implementation of old models from previous studies whose parameters are no longer 

applicable to current conditions in new project studies could lead to serious under or 

overestimation of travel demand, which in turn would have a negative impact on the 

transportation system as a whole. 

2.3 Time Effects on Parameter in Freight Trip Generation Modeling 

Parameter stability studies in transportation demand modeling aim primarily at 

demonstrating the extent to which the parameters of models are either geographically or 

temporally transferable. Geographic transferability refers to the ability of the model 

parameters to produce accurate estimations in different geographic regions than those for 

which the model was initially estimated. On the other hand, temporal stability refers to the 

ability of a model to be used to produce estimations in a different time period. In other 

words, these types of studies could be applied in order to evaluate the validity of models 

developed in transportation studies from past years, when used for estimations in current 

conditions and determine whether or not time-dependent effects are present affecting the 

marginal effect of the variables used as estimators in actual conditions. Neglect of these 
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time-dependent effects when using models to forecast traffic demand could lead to serious 

under/overestimation errors that could cause regulations and policies based on these 

estimations to be completely ineffective. As part of the present study, some of the 

techniques developed to test parameter stability and time-dependent effects in trip 

generation modeling are discussed. An alternative approach to measure and analyze time-

dependent effects in freight trip generation models is also presented. 

2.3.1 Direct Comparison Approaches 

This approach is one of the most simplistic yet effective methods of determining if 

parameters from freight trip generation models are stable or on the contrary, they are time 

dependent. This method consists of the estimation of models for different time periods and 

by direct observation compare the values of the parameters to determine whether or not 

significant changes are present from period to period. Typically the length of the period 

corresponds to one year as the example presented in Figure 2.2 shows.  

 

Figure 2.2: Example of direct comparison of models from different years[12] 

The advantage of this method is that it provides a very simple way to determine if models 

are temporally stable or not, providing evidence to reject the implementation of old models 

which are not valid for actual conditions and to show the necessity of period by period 

estimate new models in order to produce accurate predictions. Their downside is obviously 

that they neither provide any means of measuring the time-dependent effects nor present 

a way to test the statistical significance of time-dependent effects. 
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2.3.2 Hypothesis Tests  

This approach involves a more sophisticated way to test the temporal stability of 

parameters in freight trip generation models. This method consists of the implementation 

of a t test in order to statistically prove the difference between the parameters of a base 

period model and a current or design period model. By implementing this procedure we 

can test which parameters of the model remain stable over the time and which parameters 

are affected by time-dependent effects. The t-test implemented for this method is 

presented in Equation (1). 

 
 
   01

01

varvar pp

pp
t








  (1) 

Where: 

𝑡 = t-statistic  
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respectively 

𝑣𝑎𝑟(𝛽𝑃1) 𝑎𝑛𝑑 𝑣𝑎𝑟(𝛽𝑃0) = variances of the coefficients of a given variable for the current 

period and base period respectively 

An alternative option for this method is to simply run a t-statistic to test if there is a 

significant difference between the estimated means from the two different periods as 

Equations (2)(3)(4) show: 
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𝑡 = test statistic 

�̅�1 = sample mean, period 1 
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�̅�2 = sample mean, period 2 

𝑛1 = sample size, period 1 

𝑛2 = sample size, period 2 

𝑠𝑝 = pooled sample standard deviation 

𝑠1
2 = sample variance, period 1 

𝑠1
2 = sample variance, period 2 

𝑑𝑓 = degrees of freedom. 

As was the case of the previous approach, this method offers a sophisticated way to 

determine if models are temporally stable or not, providing statistical evidence to reject 

the implementation of old models, as well as to test which parameters remain stable and 

which parameters are affected by time-dependent effects. Although this method is able to 

test the statistical significance of time-dependent effects in model parameters, it is not able 

to quantify these effects. The previous two methods are not implemented as part of the 

present study and rather are included as part of the literature of current methods to analyze 

the temporal stability of parameters in trip generation modeling processes. 

Unlike the case of passenger trip generation models, freight trip generation is expected to 

be affected by socioeconomic changes inherent to the natural behavior of the market. 

Consequently, the common assumption of temporal stability of trip generation model 

parameters is not likely to hold in the case of freight. Thus, the use of outdated models to 

forecast freight trip production and attraction could lead to very ineffective and probably 

harmful policies in freight transportation. This suggest that there is a need for new 

methodologies and models for freight trip generation that could help to efficiently analyze 

and measure the time-dependent effects that affect the parameters accounting for the 

marginal contributions of different socioeconomic variables in the generation of freight 

trips, commonly used to estimate models to predict the number of trips generated in a 

certain region. 

One of the first and few studies analyzing time-dependent effects specifically in freight 

trip generation models is presented by [12], Holguín-Veras, Sarmiento, González, Thorson 

and Sánchez [13], [14]. In this study conducted using freight origin-destination samples 

collected by the Colombian Government, the stability of parameters of freight generation, 
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distribution and empty trip models is tested. Statistically significant time-dependent 

effects were found, suggesting that for the case of Colombia, freight trip generation and 

distribution models are not stable throughout time, and a time-dependent effect has to be 

taken into account in the modeling process for freight demand forecasting. For this study, 

a set of fixed time-dependent effects for the different years considered were considered 

which were found to be very significant at a 95% confidence level, for most of the cases 

presented. A direct comparison between the estimated parameter values for each year is 

also presented where we can clearly observe a difference of around 1.4 times the value for 

the first year compared with the last year. This implies a yearly increase in the rates of 

freight trips produced in the country. In the case of freight demand and freight distribution 

models, rates of change with respect to the previous year are calculated as well. Freight 

demand models were found to have higher percentages of change with respect to freight 

trip distribution models[14]. One of the most important conclusions of this study suggests 

that regardless of the functional form of the model used to estimate freight trips demand, 

the parameters of the model increase over time. This holds true for the case of trip 

production and attraction models as well as the case of trip distribution models. 

One limitation that can be observed in the case of these studies in the assessment of the 

stability of freight trip generation model parameters is that the analysis presented on 

parameter stability is only for models using aggregate data and not for establishment based 

data. This is sufficient to draw general conclusions regarding the identification of time-

dependent effects in the model parameters, however, not sufficient to measure these 

effects at a more disaggregate level, e.g., industry type. Another limitation could be the 

lack of inclusion of more explanatory variables such as establishment sales, as well as 

interaction terms between the different socioeconomic variables included, which could 

better explain the changes in the values of model parameters over the time. Hence, a set 

of models produced using more disaggregate data as well as assessing the effect of more 

explanatory variables could yield more accurate ways to estimate the freight trip demand 

models. 

 The work presented by Oliveira-Neto, Chin and Hwang [15] concludes that aggregated 

models for freight demand are not suitable to produce “reasonable predictions of freight 

for a future year horizon” (Oliveira-Neto, Chin and Hwang [15], p. 2). They also suggest 
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that more time-dependent factors such as some productivity related variables should be 

included in the modeling process for freight demand in order to increase the quality of the 

predictions drawn, and better analyze and explain the time-dependent factors affecting 

freight demand model parameters.  The study utilized aggregate data from the Commodity 

Flow Survey (CFS) and the County Business Patterns of the U. S. Census.  The results 

showed that although the models produced for all of the U.S. states which includes 27 

industry sectors and  common socioeconomic variables (such as the state payroll) account 

for a significant portion of the freight generated, these models lack enough predictive 

power to be implemented in future year studies. 
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3. DATA PREPARATION AND ANALYSIS 

This section explains in detail the process followed in this study to obtain the data, and the 

preparation process conducted in order to use the data gathered in the modeling process 

of freight trip generation with time-dependent effects. The origin and characteristics of 

each one of the data sets used is explained along with the variables selected to be included 

in the set of models developed. A brief discussion about the distribution and descriptive 

statistics of these variables is also presented.  

3.1 Data Acquisition Process 

The data used for this study corresponds to different datasets from a series of surveys 

collected in 2005, 2006, 2011 and 2014, by the Center for Infrastructure, Transportation, 

and the Environment (CITE) at Rensselaer Polytechnic Institute (RPI), as part of different 

research projects regarding subjects such as freight trip generation and land use, service 

trips, off hour deliveries initiatives among others. The data collected contains 

disaggregated data at the establishment level from New York City. The type of 

establishments surveyed corresponds to shippers receivers and carriers located in the New 

York City metropolitan area. Since the purpose of each survey was different for each 

project, the entire set of variables contained in each data set varies, however, a 

consolidated database was produced out of the four survey datasets available, with the trip 

attraction, production, establishment and economic related data necessary for this study. 

The 2005 data were obtained from a survey conducted by RPI in a joint effort with Rutgers 

University, for the New York State Department of Transportation (NYSDOT), as part of 

the National Cooperative Highway Research Program (NCHRP), were freight trip 

generation and land use studies were conducted [16]. The surveys were conducted on 

carriers and receivers to gather data on trucking services in the New York - New Jersey 

region. For the case of receivers 180 observations were obtained, while for carriers 192 

observations were obtained. The objective of the survey was to gather disaggregate data 

from establishments in Manhattan regarding their operations on Off-hour deliveries. This 

effort included collecting data on freight trip characteristics. As part of the same program 

regarding Off-hour deliveries, 2006 data were gathered from a similar survey conducted 

in the Brooklyn area. This project intended to gain a better understanding of the behavior 



 

 17 

of carriers and receivers and the conditions affecting the deliveries and shipments made 

by these businesses, in order to inform policymakers about factors or practices that could 

foster the flow of freight in this area during business days, as well as conditions obstructing 

this activity[17]. Thus, data about economic characteristics, and freight trip generation 

characteristics of the establishment were surveyed, 139 observations from carriers and 200 

observations from receivers were obtained for 2006. In the case of the 2011 and 2014, the 

surveys data was gathered in collaboration with Abt SRBI, an experienced data capture 

and survey company with more than 50 years on the market of high-quality data capture 

and surveys. Both datasets contain businesses that either make both shipments and 

deliveries or operate only as carriers or receivers. The 2011 data set includes 263 

observations while 2014 data includes 450 records. The 2011 data is centered on 

unassisted off-hour deliveries initiatives Holguín-Veras, et al. [18], while 2014 used data 

from Holguin-Veras, et al. [5] and include information regarding freight, freight trips and 

service trips with deliveries, shipments,  and consolidated shipment scenarios. However, 

regardless of the main focus of each one of these surveys, the common factors included 

were the current operations, flexibility, shipment and delivery characteristics of each 

establishment, which constitutes the main input data needed for the present study. Table 

3.1 presents a summary of the datasets used in this study, the different projects for which 

they were gathered and the number of records for each case. The economic and business 

characteristic related information of the surveyed companies was obtained mainly from 

Dun & Bradstreet. 
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Table 3.1: Relevant variables by dataset 

Year Related Project Relevant Variables Carriers Receivers
Total 

records

2005 OHD Pilot

Amount of shipments, deliveries, type of 

business, type of transporter, fleet size, 

average time of the operation, 

employment, location, contact 

information, revenue

192 180 372

2006 OHD Pilot

Amount of shipments, deliveries, type of 

business, type of transporter, fleet size, 

average time and cost of the operation, 

employment, location, contact 

information, revenue

139 200 339

2011
OHD 

Implementation

Amount of shipments, deliveries, type of 

business, type of transporter, shipment 

size, average time of the operation, 

employment, location, contact 

information, revenue

- - 263

2014 NCFRP25

Amount of shipments, deliveries, service 

trips,type of business, type of 

transporter, shipment size, average 

payload, fleet size and type, 

employment, location, contact 

information, revenue

- - 450

 

The present study processed and analyzed shipment and delivery data from the surveyed 

businesses including characteristics of the business, type of business, and time-related 

variables in order to produce a set of freight trip generation models considering time-

dependent variables. The most relevant set of variables obtained from the surveys for this 

study includes the number of daily shipments and deliveries received by each business; 

the number of part and full time employees in the actual location for each surveyed 

establishment, and the industry type associated with the business obtained from the North 

American Industry Classification System (NAICS) code. Information regarding the type 

and number of vehicles (cars, vans, pickups, trucks, tractor trailers) in the fleet for carriers, 

shipment size measured in tons, kilograms, pounds or boxes (in 2014 dataset), and 

preferred time of the day for operations, was also available in the Off-hour Deliveries 

datasets. As part of the information obtained from Dun & Bradstreet, data regarding 

business reported revenue (in million dollars), location, including state, county, and ZIP 

code, area and contact information was also included for each observation. In Table 3.2 a 

summary of the descriptive statistics of the four principal variables used in the modeling 

process of this study is presented. 
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From the mean and standard deviation values, we can observe how heterogeneous the 

industry types are, especially for the case of employment and revenue, which varies 

between the industry sectors. From the standard deviation, we can also observe 

heterogeneity in terms of variability among industry sectors. Even within subgroups of 

industry sectors such as NAICS 31-33 corresponding to manufacturing businesses and 

NAICS 44-45 corresponding to retailers, we can observe considerable differences in terms 

of central tendency and variability. This suggests that different set of models to describe 

and predict freight trip generation patterns should be estimated by industry type. Although 

the statistical difference between industry types could be easily proven by means of 

hypothesis tests, the evidence from the descriptive statistics and current practices reported 

in the literature of freight trip generation modeling go in favor of the above-mentioned 

approach. 



 

 20 

Table 3.2: Relevant variables descriptive statistics 

NAICS 23 31-33 31 32 33 42 44-45 44 45 48-49 72

Obs 44 123 37 33 53 146 179 121 58 12 87

Mean 18.86 60.94 22.94 17.54 142.35 93.58 7.41 11.37 3.46 37.73 2.30

Std. Dev. 41.69 764.15 49.65 18.54 762.31 817.37 66.87 64.92 16.04 42.64 7.41

Min 0.2800 0.0003 0.0010 0.0029 0.0003 0.0002 0.0002 0.0002 0.0002 5.8500 0.0006

Max 244 5543 210 61 5543 9700 650 650 120 153 58

NAICS 23 31-33 31 32 33 42 44-45 44 45 48-49 72

Obs 45 157 43 44 70 156 228 154 74 14 100

Mean 35.67 37.71 35.44 32.37 45.31 25.09 18.44 17.38 19.51 45.76 27.88

Std. Dev. 46.23 90.27 48.49 43.29 62.64 40.25 41.44 24.86 33.15 60.22 31.86

Min 5.00 1.00 2.45 2.45 1.00 1.00 1.00 1.00 1.00 3.45 4.00

Max 250 350 200 200 350 305 202 202 173 195 180

NAICS 23 31-33 31 32 33 42 44-45 44 45 48-49 72

Obs 45 156 42 44 70 155 228 154 74 14 99

Mean 4.33 4.93 2.99 4.50 7.29 6.06 4.64 4.78 4.49 11.26 3.87

Std. Dev. 5.90 14.66 2.47 6.06 13.11 11.17 10.96 6.73 8.65 16.31 3.99

Min 0.20 0.18 0.40 0.18 0.20 0.20 0.20 0.20 0.20 0.20 0.36

Max 30 80 15 25 80 85 60 50 60 50 25

NAICS 23 31-33 31 32 33 42 44-45 44 45 48-49 72

Obs 19 70 14 22 34 48 66 45 21 7 13

Mean 3.79 7.98 5.93 11.64 6.37 6.41 5.33 4.59 6.06 10.86 4.63

Std. Dev. 4.52 16.92 8.25 12.89 7.22 7.49 12.23 9.24 8.02 11.68 5.81

Min 1.00 0.18 1.00 0.18 0.18 0.36 0.18 0.18 0.18 1.00 0.18

Max 20 40 25 40 25 35 40 40 25 30 20

Employment

Revenue (Mi. UDS)

Deliveries

Shipments

 

Some of the limitations encountered with the data used for this study include the fact that, 

since the datasets for each year were collected with a different purpose, the set of variables 

available in each case is not the same. Thus, while for the case of 2014 data set, contains 

variables such as revenue, shipment size, type of carrier, payload rates, value of the cargo 

and number of vehicles, which could be of interest to include in the modeling process, it 

could not be included as most of these variables were not available in the 2005, 2006, and 

2011 datasets. As a result of this, the set of variables that could be included in the models 

was reduced to only the employment, the establishment revenue, and the time, represented 

as both binary variables denoting the different years, or an integer variable representing 

the number of years passed with the origin as the year 2005. A set of interaction variables 

were also generated between the dummy and integer variables representing the time in 
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years with both employment and revenue. Another limitation encountered is that although 

the number of observations available for each particular industry sector is fairly good 

enough to produce adequate models, there were a considerable amount of missing values 

in both dependent (deliveries and shipments) and independent variables (employment and 

revenue), which reduced the number of observations available by about half. A high 

number of outliers due to typing errors resulted in high values for shipment which 

significantly reduced number of employees; this, also contributed to the reduction of the 

number of observations available, since these observations had to be removed.  

Nonetheless, conveniently, the remaining number of observations was still sufficient to 

produce statistically valid models.  

3.2 Data Preparation Process 

As remarked in the previous section, the raw data received from the surveys contained a 

lot of unit mismatches, missing observations, and outliers and a large set of variables that 

are not relevant to the present study. As such, a data preparation process was necessary in 

order to produce a clean and consolidated database combining all datasets from the four 

years considered and keeping only the set of variables relevant for this study. The first 

step in this process was to identify the set of variables relevant for this study included in 

all datasets for the different years. The set of variables included is: the number of 

deliveries, the number of shipments, the number of employees in the actual location, the 

industry type, year, and revenue. The observations with missing values were identified for 

the selected variables and removed. The next step was to identify outliers within the 

database, ensuring consistency between employment and revenue of the establishment 

with the reported amount of shipments and deliveries. This process, however, was not an 

easy task since for the case of employment and revenue a considerable amount of 

observations with high values lying above the 1.5 interquartile range were found, as Figure 

3.1 and Figure 3.2 shows. This could suggest the presence of sub categories of revenue 

for wholesale and retail sectors (NAICS 44-45) especially. In the case of employment, the 

same pattern for these two sectors can also be observed. However, for simplicity purposes 

and in order to avoid an excessively high number of models to estimate, only models 

categorized by industry sectors were estimated. Conversely, some observations in industry 
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sectors with high revenue and number of employees which could look like outliers, are 

just some of the handful of cases of large companies involved in the transportation 

business either as receivers or shippers that own a fleet of vehicles and conduct their own 

logistics operations. Therefore, outliers had to be carefully checked and contrasted with 

the data gathered from Dun & Bradstreet.  

 

Figure 3.1: Distribution of revenues by industry sectors 
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Figure 3.2: Distribution of employment by industry sector  

After removing missing values and outliers from the database, the next step consisted of 

transforming all variables into a single unit of measurement. For instance, while most 

observations reported the number of shipments or deliveries per day, some only reported 

this value per week. Therefore, a conversion factor of 5.5 days per week was implemented, 

to transform the shipments per week into shipments per day as displayed in Equation (5). 

 
5.5

w
d

Shpmt
Shpmt   (5) 

Where: 

𝑆ℎ𝑝𝑚𝑡𝑑 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 

𝑆ℎ𝑝𝑚𝑡𝑤 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 

The aforementioned factor, as reported in [5], considers the five weekdays and a working 

time of half a business day for Saturdays as commonly implemented in many 

transportation related companies. The same procedure was implemented in the case of 

deliveries. For employment, since most of the cases reported both full time and part time 

employees, a conversion factor of 0.45 was applied, in order to produce a full-time 

equivalent for the variable employment. The conversion is as Equation (6) shows: 
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 ptftfte 45.0  (6) 

Where: 

𝑓𝑡𝑒 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑙𝑙 − 𝑡𝑖𝑚𝑒 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡  

𝑓𝑡 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑙𝑙 − 𝑡𝑖𝑚𝑒 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 𝑎𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛  

𝑝𝑡 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑡𝑖𝑚𝑒 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠 𝑎𝑡 𝑡ℎ𝑖𝑠 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 

The part-time employee factor assumes on average a part-time employee works 45% of 

the hours of a full time employee. 

The next set of preprocessing steps performed on the database were to keep the variables 

needed for the modeling process and generate the set of dummy and interaction variables 

needed to estimate models in different functional forms as will be explained in the 

methodology. Firstly, a set of dummy binary variables was generated for the time variable 

to represent the different years available as depicted in Equation (7): 

 1y if year = y , 0 otherwise (7) 

Where y =2005, 2006, 2011 or 2014.  

An integer version of the time variable was generated in order to not only consider a fixed 

effect of the time but to also analyze the effect of the course of time on freight trip 

generation model parameters. For this case, the year 2005 was set as the origin, 2006 as 1, 

2011 as 6, and 2014 as 9, corresponding to 1, 6 and 9 years elapsed from the initial year 

2005. However, this would consider only an incremental effect of time on freight trip 

generation models. Therefore, a case for piecewise regression was considered; this would 

break the time variable into two periods comprised from 2005-2011 and from 2011-2014, 

as historical evidence suggest the presence of the great recession which occurred in 2008, 

affecting the first period and a reactivation of the economy affecting the second period. 

Finally, a set of interaction variables between the dummy variables, employment, and 

revenue. A second set of interaction variables was also generated between the integer time 

variables, employment, and revenue, as well as an interaction term between revenue and 

employment. These variables are described in Equations (8)-(14): 

 EmploymentE yy *   (8) 
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 venuev yy Re*Re    (9) 

 EmploymentTET *11   (10) 

 EmploymentTET *22   (11) 

 venueTvT Re*Re 11   (12) 

 venueTvT Re*Re 22   (13) 

 EmploymentvenuevE *ReRe   (14) 

Where: 

𝑇1 = 𝐶𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 2005 − 2011 

𝑇2 = 𝐶𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 2011 − 2014 

After generating this set of variables the final preparation step consisted of generating 

variables corresponding to the natural logarithm of the employment and revenue, along 

with its different interaction terms in order to be able to estimate linear and nonlinear 

functional forms of the freight trip generation models. The final database was then kept 

for the modeling process which will be discussed in the following section. 
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4. METHODOLOGY AND MODELING PROCESS 

This sections explains the approach followed to model freight trip generation including 

time dependent effects and revenue in order to assess and analyze temporal effects in such 

types of models along with its interaction with employment and revenue. The procedures 

implemented to model freight trip generation with fixed time-dependent effects are first 

discussed. Then, a second approach implementing continuous time effects is discussed, 

along with its limitations and an alternative approach using piecewise functions. Finally a 

brief discussion on the different functional forms used is presented.    

4.1 Time Effects Estimation in Freight Trip Generation Models 

The estimation and analysis of time-dependent effects in freight trip generation models 

performed in this study comprise a series of modeling processes including different 

approaches. Models considering fixed time effects are estimated in order to test the 

presence of significant time-dependent effects in freight trip generation models. A set of 

models considering continuous time effects is also estimated with the objective of testing 

significant effects in trip rates with the passing of time. Finally, another approach 

including piecewise linear functions is tested. The procedure followed to implement these 

approaches as well as the advantages and limitations of each method are presented in the 

following sections. 

The modeling process developed considered in the first place, a model including all 

variables deemed relevant to the generation of freight trips. Then, variables found to be 

statistically non-significant were systematically removed. After this process the 

conceptual validity of remaining variables was tested; as part of this, independent 

variables with negative effect on the estimation of freight trips generated were 

systematically removed as well. The reason behind this is that the employment, revenue, 

and time along with their interactions, which were considered as independent variables in 

this study, tend to have a positive effect in the generation of freight trips. Reductions in 

the number of trips generated as a result of an increase in the number of employees or the 

revenue of an establishment are neither probable nor consistent with the observed behavior 

of the type of freight intensive businesses considered in this study. Finally, the bests 
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models with statistically and conceptually valid variables were selected and tabulated for 

freight trip attraction and production in each one of the approaches considered. 

4.1.1 Fixed Time Effects 

To test the statistical significance of fixed time-dependent effects on freight trip generation 

models, a set of econometric models were estimated including fixed time variables. From 

the reported year of each observation, a binary variable was created for each observation 

in the dataset obtained from the surveys conducted on carriers and receivers from New 

York City. Variables were created for 2005, 2006, 2011 and 2014, where the statistical 

significance of these variables reveals the presence of a time-dependent effect for the 

particular year represented for each variable. This method quantifies the fixed time-

dependent effects in freight trip generation models, that is to say, the number of additional 

trips included in the model when a time-dependent effect is found to be statistically 

significant for a given time period. To include these variables in the estimated freight trip 

generation models, the year 2005 was selected as the base year, hence removed from the 

variables included in the models to avoid collinearity problems. These type of models 

were estimated using OLS as presented in Equation (15): 

 ijkjjii xxFTG   0  (15) 

Where: 

𝛽0= Constant term denoting the number of trips generated regardless of the effects of 

the independent variables or time 

𝛽𝑖= Parameter for independent variable 𝑖 

𝑥𝑖=  Set of independent variables 𝑖 (i.e. employment, revenue) 

𝛽𝑗=  Parameter for the dummy variable representing period 𝑗 

𝛽𝑘=  Parameter for the interaction between the independent variable 𝑥𝑖 and period 𝑗 

𝛿𝑗 =  Dummy variable representing period 𝑗 

Significant effects on the time effect variables created were tested at a 95% of confidence 

for the majority of the models. Some models included variables significant at a 90% of 

confidence following the process explained at the beginning of this section. A clear 

disadvantage of this method is that it only involves fixed time effects for the different 
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periods considered in the modeling process. Therefore, although it is able to quantify time 

effects, this method lacks predictive power which prevents the models that incorporate 

this method from being efficient for forecasting purposes. 

4.1.2 Continuous Time Effects 

Since fixed time effects cannot be used for forecasting purposes, which is the case of most 

transportation infrastructure design and transportation system planning studies, an 

approach where time is treated as an integer variable increasing in one unit of time for 

each period elapsed was implemented. The objective of this was to test statistically 

significant effects in variables accounting for the passing of time, in order to take into 

account time-dependent effects in freight trip generation models used in planning and 

design applications. These type of models are presented in Equation (16): 

 ITxFTG ITii   0
 (16) 

Where: 

𝛽0= Constant term denoting the number of trips generated regardless of the effects of 

the independent variables or time 

𝛽𝑖= Parameter for independent variable 𝑖 

𝑥𝑖=  Independent variables 𝑖 (i.e. employment, revenue) 

𝑇 =  Time in years  

𝛽𝑇 =  Parameter for the variable time 

𝐼 =  Interaction between the independent variable 𝑥𝑖 and time 𝑇 

𝛽𝐼 =  Parameter for the interaction term 

These types of models are well-suited not only to quantify the time-dependent effects in 

freight trip generation models but also to be implemented for forecasting purposes in 

future scenarios and design projects, since the time is included as an independent variable 

in the model. With this method, the model is able to quantify the effect of time in the 

number of trips produced. A clear disadvantage of this approach is a very strong 

assumption that the time-dependent effects are always increasing, which is not necessarily 

the case, since different socioeconomic events might arise during specific time periods 

affecting negatively or positively the traffic demand and then disappear in following 
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periods. Such types of events could not be captured by this type of models. Due to this 

limitation, the final set of models were estimated as a piecewise function defining two 

different periods: before and after the financial crisis of 2007-2008, with 2011 as the 

breaking point. This process is described in the following subsection. 

4.1.3 Piecewise Model Analysis 

Finally as part of this study a piecewise version of the continuous time effect models was 

implemented as an approach to avoid the assumption made in the case of considering the 

time as continuous which only allows increasing time effects. This method, however, can 

only be implemented in cases in which information is available regarding significant 

events that may take place in future scenarios that may drastically affect the traffic demand 

in the transportation system. Equation (17) describes these type of models. 

 ITTxFTG ITTii   22110
 (17) 

Where: 

𝑇1 𝑎𝑛𝑑 𝑇2 =  are the time periods considered  

𝑇1=   Includes the time periods from the origin to the period of disruption 

𝑇2=  Includes the time periods starting from the period of disruption onwards 

In this study, the period of disruption considered is the financial and economic crisis of 

2007-2008 that took place in the United States of America, which triggered the great 

recession. 

4.2 Model Functional Forms 

Given the inherent heterogeneity of freight trip generation patterns among the different 

industry sectors and the lack of larger sets of explanatory variables due to data limitations, 

different functional forms were considered in this study in an effort to develop more 

accurate freight trips demand models. The rationale behind this is that as previous studies 

show[5], certain industry sectors could display a constant rate of trips generated while 

others may increase their rate of trip production proportionally to employment or revenue. 

Assuming that across all industry sectors only one particular functional form is applicable 

could lead to serious errors in the estimation of trips. Four functional forms were 

considered. This allows the model estimation and time-dependent effect analysis to 
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accommodate different types of behaviors within industry sectors which are reflected in 

different data patterns encountered.  

The first type of models is linear in nature since they estimate the number of trips 

generated as a function of a constant term plus a parameter determining the rate at which 

changes in the independent variables increase or decrease the number of trips generated. 

The second set of models are nonlinear and correspond to transformations of nonlinear 

functions in order to produce linear regression models, which would be able to describe 

nonlinear patterns in the data. Among these types of models, we have linear-logarithmic 

models, logarithmic-linear models, and logarithmic-logarithmic models. A brief 

description of the four functional forms is presented below: 

 Linear models 

This types of models estimate the marginal effects of the independent variables 

considered, in this case, employment and revenue, in the number of freight trip generated 

by an establishment. Some models might also include a constant parameter which adds a 

constant rate of trips produced independently of the effect of the explanatory variables 

considered. The linear model presents the following form: 

 xFTG 10    (18) 

Where 𝑥 represents the independent variables (i.e. employment, revenue). 

 Linear-logarithmic models 

These types of models assume that the amount of freight trip generated by an 

establishment is proportional to the natural logarithm of the independent variables 

considered. In the case of these models, a constant parameter could also be included if 

statistically significant. The linear-logarithmic model presents the following form: 

 )ln(0 xFTG i   (19) 

 Logarithmic- linear models 

This model assumes that changes in the independent variables considered produce an 

exponential increase in the number of freight trips generated by an establishment. The 

linear-logarithmic model presents the following form: 

 xs
eeFTG 1

2
0 )2/(  

  (20) 
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 Logarithmic- logarithmic models 

The Logarithmic- logarithmic model also called the power function, assumes that the 

amount of freight trip generated by an establishment increases to the power of the 

parameter of the independent variables. The logarithmic-logarithmic model presents the 

following form: 

 1
2

0 )2/( 
xeFTG

s
  (21) 

Where 𝑠2 is the mean squared error of the estimation.  

A graphic representation of these functional forms is presented in Figure 4.1 

 

Figure 4.1: Models functional forms 

The advantage of considering nonlinear functional forms is that as the equations suggest 

these type of models are extremely flexible and able to account for different types of 

patterns that could arise from the data corresponding to the different industry sectors and 

their interactions with the time-dependent variables analyzed. 
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5. RESULTS AND ANALYSIS 

In order to analyze time-dependent effects in freight trip generation models, a set of linear 

regression models were estimated using the survey data collected for the New York City 

area as described in previous sections. Data from 2005, 2006, 2011 and 2014 were 

included, and a set of econometric models for freight trip attraction and production was 

estimated using employment as the independent variable. With the intent to capture the 

time-dependent effect that could take place due to the nature of the behavior of the market, 

a set of indicator variables were generated and included in the models as binary variables 

whose statistical significance would imply fixed time-dependent effects taking place in 

the estimation process of freight trip generation models. Considering the limitations 

associated with fixed time-dependent effects, a set of integer time-dependent variables 

were also generated setting the year 2005 as the origin. A second round of econometric 

models was then estimated and analyzed. Finally, a set of models were estimated for 

freight trip attraction and production considering both fixed and continuous time-

dependent effects, by including these time and as well as revenue in order to test to what 

extent the time-dependent effects encountered could be explained by changes in the 

revenue of the establishments. The results are presented in Table 5.1 to Table 5.8. A 

description of the variables and codes used in the tables of results is presented below. 

NAICS codes: 

 23   Construction 

 31-33  Manufacturing 

 31  Food, Beverage, Tobacco, Textile, Apparel 

 32  Wood, Paper, Chemical, Plastics Nonmetals 

 33  Metal, Machinery, Electronics, Furniture & Misc. 

 42  Wholesale Trade 

 44-45 Retail Trade 

 44  Motor Vehicle, Furniture, Electronics, Clothing 

 45  Sporting Goods, Hobby, Books, & Music Stores 

 48-49 Transportation and Warehousing 

 72  Accommodation and Food Services 

Variables: 

 Const Constant term denoting a fixed number of trips  
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 𝛿𝑖  Binary variable equal to 1 if the year of the observation is equal to 

𝑖, 0 otherwise 

 Empl  Employment 

 lnEmpl Natural logarithm of employment 

 E  Employment 

 lnE  Natural logarithm of employment 

 Rev  Revenue 

 lnRev Natural logarithm of employment 

 ln(Rev*E) Natural logarithm of Revenue*Employment 

 𝑇11  Number of years elapsed starting from 2005 up to 2011 

 𝑇14  Number of years elapsed starting from 2011 up to 2014 

Type of model: 

 Lin  Linear-model 

 Lin-Lg Linear-logarithmic model 

 Lg-Lin Logarithmic-linear model 

 Lg-Lg Logarithmic-logarithmic model 

The following sections present first the results of freight trip attraction and production 

models with fixed and continuous time-dependent effects. Then, the results for freight trip 

production models are presented including again both fixed and continuous time-

dependent effects. Finally, the same set of models is analyzed including the revenue 

reported by the establishment in order to test its effect on the time-dependent variables 

included. The values of the t-statistics are presented in parenthesis. The models were 

estimated at a level of significance of 95% for the majority of the cases. In a few cases, 

some variables were accepted at a 90% of confidence. For each industry sector, one model 

for each one of the four functional forms was estimated and the best models (those that 

best fit to the data) were selected for each industry sector. 

5.1 Freight Trip Attraction Models with Time Effects 

The first set of models estimated as part of this study correspond to freight trip attraction 

models. Aiming at determining the presence of significant fixed and continuous time-

dependent effects in freight trip attraction models a set of indicative variables –one for 

each year– was introduced in the models and their statistical significance was tested. The 

results reveal that for all the industrial sectors considered significant time-dependent 

effects exists, refuting for the case of freight trip attraction models, the common 
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assumption in passenger trip generation models that parameters are stable over the time. 

In particular, the results show that there is a very significant time-dependent effect, 

especially for the year 2014, which occurs across all industry sectors, with the exception 

of accommodation and food services (NAICS 72). The rate of delivery trips attracted to 

the businesses locations is a constant number of trips plus a parameter that increases the 

number of trips with the employment for the year 2014, according to the results. This 

means that for the year 2014 there is a significant increase in the number of trips produced. 

In the case of construction, manufacturing and retail businesses, this happens when the 

employment increases as well since, the time-dependent effect appears in an interaction 

with the employment. The results are presented in Table 5.1. 
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Table 5.1: Freight trip attraction models with fixed time effects 

Lin Lin Lin Lin Lg-Lg Lg-Lg Lg-Lg Lin Lin Lg-Lg Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. 2.965 2.620 2.337 1.979 -0.516 - - 2.975 2.794 - 1.739

t-stat (4.17) (4.92) (9.79) (1.84*) (-1.80*) - - (4.33) (4.99) - (3.51)

Coeff. - - - - - - 0.685 - - - -

t-stat - - - - - - (2.43) - - - -

Coeff. - - - - 0.512 - - - - - 2.694

t-stat - - - - (2.20) - - - - - (2.23)

Coeff. - - - - - 0.561 - - 11.206 1.765 -

t-stat - - - - - (2.32) - - (4.65) (4.68) -

Coeff. - - - - - - - 0.100 - - 0.073

t-stat - - - - - - - (4.2) - - (6.11)

Coeff. - - - 0.396 0.387 0.392 - - - -

t-stat - - - (4.16) (13.25) (14.31) - - - -

Coeff. - - - - - - - 0.534 - - -

t-stat - - - - - - - (4.07) - - -

Coeff. - - - - - - - - - - -

t-stat - - - - - - - - - - -

Coeff. 0.067 0.101 0.040 0.151 - - - 0.184 - - -

t-stat (3.34) (11.56) (7.75) (8.9) - - - (4.04) - - -

Coeff. - - - - 0.225 - 0.205 - - -

t-stat - - - - (3.49) - (2.65) - - -

57 166 49 50 67 198 232 158 74 12 95

11.12 133.60 60.04 79.13 23.99 53.34 34.80 24.96 21.61 0.00 19.80

0.17 0.45 0.56 0.62 0.53 0.21 0.23 0.33 0.23 0.38 0.30

23.93 40.23 2.49 47.20 0.58 1.04 0.89 47.92 21.98 1.42 11.70

F-stat

R2

S2

Type of model

lnEmpl

δ14*E

δ14

Empl

δ6*E

δ11*E

δ14*lnE

Obs.

δ11 

FTA Models with Fixed Time Effects

NAICS

Const

δ6

 
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

The Table 5.1 shows that there is a constant number of delivery trips attracted to the 

businesses regardless of the effect of the employment –the negative value in the case of 

NAICS 33 corresponds to a very low number of trips since the model is log-log–. In 

general, most model functional forms are linear. For NAICS 33, 42 and 44-45, the final 

models are log-log, however, with parameter values between 0.205 and 0.685, the function 

resembles a linear function with a very small slope. For wholesalers and transportation 

related businesses, this constant is only present for the year 2014. The significant time-

dependent effect present for the year 2014 suggest that construction, manufacture, and 

retail businesses were recovering from the financial crisis of 2007-2008. In particular, 
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metal, machinery, electronics, furniture & misc. manufacturers and food accommodation 

services also present significant time-dependent effects for 2011. The significant time-

dependent effect for the year 2006 interacting with the employment for the case of motor 

vehicle, furniture, electronics, and clothing businesses could suggest a growth in this 

sector just before the occurrence of the financial crisis. 

Table 5.2: Freight trip attraction models with continuous time effects 

Lin Lin Lin Lin Lg-Lin Lg-Lin Lin Lin Lin Lg-Lg Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. 2.965 2.620 2.337 1.979 0.510 0.482 3.085 3.220 2.794 - 1.735

t-stat (4.17) (4.92) (9.79) (1.84*) (3.87) (4.3) (5.61) (4.48) (4.99) - (3.49)

Coeff. - - - - - - - - - - 0.445

t-stat - - - - - - - - - - (2.21)

Coeff. - - - - 0.155 0.546 - - - - -

t-stat - - - - (1.68*) (4.75) - - - - -

Coeff. - - - - 0.009 0.025 0.082 0.107 - - 0.073

t-stat - - - - (4.49) (5.41) (4.08) (4.3) - - (6.11)

Coeff. - - - - - - - - - 0.447 -

t-stat - - - - - - - - - (3.37) -

Coeff. 0.022 0.034 0.013 0.050 - -0.009 0.053 0.058 3.735 - -

t-stat (3.34) (11.56) (7.75) (8.9) - (-4.38) (4.27) (3.63) (4.65) - -

57 166 49 50 67 198 232 158 74 12 95

11.12 133.60 60.04 79.13 21.10 16.57 29.86 26.50 21.61 0.00 19.73

0.17 0.45 0.56 0.62 0.40 0.20 0.21 0.25 0.23 0.09 0.30

23.93 40.23 2.49 47.20 0.74 1.07 45.99 52.73 21.98 2.09 11.71S2

FTA Models with Continuous Time Effects

NAICS

Const

T11

T14

lnEmpl

Type of model

Empl

T14*E

Obs.

F-stat

R2

 
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

From the models presented in Table 5.2, produced for freight trip attraction considering 

continuous time-dependent effects, we can observe that throughout the different industry 

sectors considered, time-dependent effects are highly significant at a 95% of confidence 

in the majority of the cases, which corroborates that for the case of freight trip attraction 

the common assumption of temporal stability of trip generation models parameters does 

not hold. In this case, the time-dependent variables account for one time period from 2005-

2011 (before and during the crisis) as well as another period from 2011-2014 (after the 

crisis). In general, all sectors except for accommodation and food services, describe a 

significant time-dependent effect of increased number of trips for the period after the 

crisis. This is consistent with the results of models with fixed effects. Food and 
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accommodation sector do not show significant time-dependent effects for the period after 

the crisis which is also consistent with what can be expected since regardless of the effects 

of the crisis, the food is a basic and necessary good. Time-dependent effects were not 

significant in the case of the transportation sector according to this models, however, due 

to the reduced number of observations available for this sector, this results may not be 

conclusive. 

5.2 Freight Trip Production Models with Time Effects 

The second set of models estimated corresponds to freight trip production models. The 

objective as the case of freight trip attraction models was to determine the presence of 

significant fixed and continuous time-dependent effects in freight trip production. The 

same set of indicator variables for the time were included in these models and the statistical 

significance was tested as well. The results for freight trip production show different 

patterns for the different industry sectors considered. However, a general conclusion from 

these models is that for freight trip production models, time-dependent effects are 

significant and very important to explain the behavior of the production of freight trips in 

businesses from freight intensive sectors. The results in this case also do not support the 

common assumption in passenger trip generation models that parameters are stable over 

the time. All models present interactions between time-dependent variables and 

employment which suggest that the production of freight trips across all industry sectors 

is a function of a combined effect between time and employment. Although the models 

show different behaviors across the industry sectors considered, the year 2014 appears 

again as a differential factor increasing the production of freight trips. The results for 

freight trip production models are presented in Table 5.3. 
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Table 5.3: Freight trip production models with fixed time effects 

Lin Lg-Lin Lg-Lg Lg-lin Lg-Lg Lg-Lg Lin Lin Lin-Lg Lg-Lg Lg-Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. - 0.562 - - 0.586 0.923 19.000 17.000 - - -

t-stat - (3.57) - - (2.38) (4.95) (6.22) (5.01) - - -

Coeff. - - - - - - -17.500 -15.750 - - -

t-stat - - - - - - (-4.43) (-3.51) - - -

Coeff. - - - - - - -17.030 -16.231 - - -

t-stat - - - - - - (-5.24) (-4.43) - - -

Coeff. - - 1.058 2.070 - 0.957 - - 11.206 - 0.933

t-stat - - (2.34) (5.65) - (2.9) - - (4.65) - (2.22)

Coeff. - - - 0.156 - - - - - - -

t-stat - - - (1.92*) - - - - - - -

Coeff. - - 0.343 - - - - - 6.552 - -

t-stat - - (4.02) - - - - - (4.41) - -

Coeff. 0.068 - - -0.149 - - - - - - -

t-stat (3.18) - - (-1.82*) - - - - - - -

Coeff. - - -0.308 - - - - - -5.898 - -

t-stat - - (-3.03) - - - - - (-2.88) - -

Coeff. - - - - - - 0.236 0.297 - - -

t-stat - - - - - - (5.03) (4.87) - - -

Coeff. - - - - - - - - -3.070 - -

t-stat - - - - - - - - (-1.88*) - -

Coeff. 0.095 - - -0.150 - - - - - - 0.012

t-stat (10.06) - - (-1.84*) - - - - - - (2.22)

Coeff. - 0.425 - - 0.315 - - - - 0.413 -

t-stat - (7.92) - - (3.89) - - - - (4.07) -

17 69 15 24 30 44 51 32 19 7 11

56.74 62.74 40.03 7.29 15.13 8.39 15.97 12.78 11.14 0.00 13.02

0.79 0.48 0.87 0.52 0.35 0.17 0.50 0.58 0.58 0.34 0.59

4.99 0.93 0.20 1.20 0.99 1.04 37.38 34.60 32.17 0.90 0.62

FTP Models with Fixed Time Effects

NAICS

Const

δ6

δ11

R2

S2

Type of model

Empl

δ6*E

δ11*E

δ14*E

lnEmpl

δ6*lnE

δ11*lnE

δ14*lnE

Obs.

F-stat

δ14

  
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

As the results show, the model for freight trip production in the construction sector is a 

function of a combined effect between the time and the employment for the case of 2006 

and 2014. There are no significant effects for the years 2005 and 2011 in this case. The 

absence of effects in the year 2011 could suggest a pause in this sector due to the financial 

crisis. In the case of the manufacturing sector the models are described by a constant term 

denoting a constant number of trips produced by these establishments –although very 

small–, and a parameter increasing the number of trips with the interaction between time 
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and employment. Breaking down the industry sectors corresponding to manufacturers we 

can observe that NAICS 31 and 32 present a similar pattern, with a constant rate of trips 

produced for the year 2014 and a parameter increasing the number of trips produced with 

the employment. These models also present a parameter reducing the number of freight 

trips produced with the number of employees in the establishment in 2006. This means 

that the effect of the employment in the year 2006 is even smaller than the other years. 

NAICS 33 is also described by a constant number of trips produced plus a parameter 

increasing the production of freight trips with the employment in 2014, as is the case in 

the combined manufacturing sector. Wholesale and retail sectors show a common pattern 

of decrease in the number of freight trips produced during the crisis and a reactivation 

after the crisis. In particular, the retail sector which tends to produce more freight trips 

compared to other sectors, present a significant decrease in 2006 and 2011 in the constant 

amount of trips produced which then increases again in 2014. For NAICS 44 this 

reactivation takes place in 2011 in interaction with the employment. Finally, transportation 

and food sectors only present significant effects in the employment of 2014. 

Table 5.4 presents the results for the set of models of freight trip production considering 

continuous time-dependent effects. The objective with these models is to detect 

continuous time-dependent effects in these models which in the case of models with fixed 

effects are only detected as an intercept –base number of freight trips produced–. From 

the results, we can observe that there are significant time-dependent effects increasing the 

number of freight trips produced in the establishments either with the number of years 

elapsed or the interaction between the employment and the number of years elapsed from 

the initial year. As expected, these effects are very different for the two periods considered, 

being in most cases very low for the period before and during the crisis and increasing 

considerably for the period after the crisis. 
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Table 5.4: Freight trip production models with continuous time effects 

Lin Lg-Lin Lg-Lin Lin Lg-Lin Lg-Lin Lin Lin Lin Lin-Lg Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. - 0.512 - - 0.552 0.923 - - - - -

t-stat - (2.98) - - (2.1) (4.95) - - - - -

Coeff. - - - - - - 0.330 - 0.622 - -

t-stat - - - - - - (1.81*) - (2.04) - -

Coeff. - 0.588 0.878 3.907 0.452 0.319 6.333 5.667 - - -

t-stat - (7.31) (11.34) (3.08) (3.65) (2.9) (6.28) (5.15) - - -

Coeff. - - - - - - - - - 2.164 -

t-stat - - - - - - - - - (2.72) -

Coeff. 0.068 - 0.008 - - - 0.039 0.052 0.027 - -

t-stat (3.18) - (3.73) - - - (5.08) (6.18) (2.21) - -

Coeff. 0.032 - - 0.037 - - - - 0.184 - 0.038

t-stat (10.06) - - (3.25) - - - - (3.94) - (5.51)

17 69 15 24 30 44 51 32 19 7 11

56.74 53.47 73.75 21.09 13.34 8.39 24.44 40.25 7.26 0.00 0.00

0.79 0.44 0.85 0.49 0.32 0.17 0.50 0.57 0.48 0.22 0.54

4.99 1.00 0.22 129.50 1.03 1.04 36.62 32.67 40.34 55.57 16.91S2

FTP Models with Continuous Time Effects

NAICS

Const

T11

T14

Type of model

Empl

T11*E

T14*E

Obs.

F-stat

R2

  
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

The common pattern in these models is a reactivation increasing the number of freight 

trips produced yearly by establishment from manufacture, wholesale and retail sectors. 

For the particular case of retailers, the results show that this sector's freight trip production 

is described by a parameter denoting the marginal contribution on freight trips generated 

by the interaction between the number of years elapsed in the first period –before crisis– 

and the employment, then, the number of trips start to increase at a much higher rate with 

the years. Transportation, in this case, does not seem to be affected by time-dependent 

effects, however, as mentioned before the small number of observations for this sector 

makes it difficult to consider these results representative of the sector. 

5.3 Freight Trip Attraction Models with Revenue 

As demonstrated by the model's results from previous sections there are significant time-

dependent effects affecting both production and attraction of freight trips of the industry 

sectors considered for this study. Additionally, another aspect inherent all types of 

businesses is that during the course of time, several technology changes take place 
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improving the productivity and consequently the revenue of the particular businesses from 

the sector for which such technology is developed. In such cases where improvements in 

the revenue of a business take place over the time due to a change in technology, the time-

dependent effects exposed in the previous sections could be explained by those changes 

in the revenue of businesses. This section presents a set of models developed aiming at 

determining whether or not the revenue is significant in freight trip generation models, 

and if time-dependent effects in could be explained by the presence of such variables. 

The results reveal that the variable revenue is very significant to explain the dynamics of 

freight trip generation of the freight intensive sectors considered for this study. The 

revenue was found significant in 68% of the final models estimated for freight trip 

generation either by itself or in a combined effect with employment. The results show that 

for some specific industry sectors, the revenue or the interaction of revenue with 

employment are the factors explaining the generation of freight trips. However, time-

dependent effects are not completely canceled with the inclusion of revenue but rather, is 

the combination of the interactions of revenue with time-dependent effects and the 

employment that were found significant to explain the number of freight trips generated 

by the establishments of freight intensive sector businesses. 
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Table 5.5: Freight trip attraction models with fixed time effects and revenue 

Lg-Lg Lg-Lg Lin Lin Lg-Lg Lg-Lin Lin Lin Lin Lin Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. - - 1.851 3.025 - 0.711 2.150 2.239 2.613 13.083 1.037

t-stat - - (6.24 ) (3.31) - (6.16) (3.71) (3.77) (2.52) (2.67) (1.84*)

Coeff. - - - - - 1.169 4.869 - - - 1.705

t-stat - - - - - (4.37) (2.49) - - - (1.74*)

Coeff. - - - - 1.877 - - - - - -

t-stat - - - - (7.41) - - - - - -

Coeff. - - - - 0.140 - 0.860 0.440 1.477 - -

t-stat - - - - (1.78*) - (5.71) (2.72) (5.63) - -

Coeff. - - - - - 0.057 0.087 - - 0.105

t-stat - - - - - (2.46 ) (4.56) - - (5.60)

Coeff. - 0.558 - - - - - - - - -

t-stat - (5.11) - - - - - - - - -

Coeff. - - 0.210 - - - 1.476 - - - -

t-stat - - (2.54 ) - - - (2.46 ) - - - -

Coeff. - - - - - 0.021 - 0.466 - - -

t-stat - - - - - (1.84*) - (4.75) - - -

Coeff. - 44.097 - - - - - - - -

t-stat - (2.00) - - - - - - - -

Coeff. - 0.114 - - - - - - - - -

t-stat - ( 2.71) - - - - - - - - -

Coeff. - - - - - 0.023 - - - - -

t-stat - - - - - (2.95) - - - - -

Coeff. - - - - -0.139 - -0.842 -0.416 -1.323 - -

t-stat - - - - (-1.77*) - (-5.58) (-2.57) (-4.96) - -

Coeff. - - 0.043 - - - - - - - -0.047

t-stat - - (8.51 ) - - - - - - - (-1.95*)

Coeff. - - - 0.002 - - - - - - -

t-stat - - - (5.90 ) - - - - - - -

Coeff. 0.186 - - - - - - - - - -

t-stat (6.57) - - - - - - - - - -

44 15 36 33 27 145 179 121 58 12 86

0.00 19.89 25.11 34.76 13.50 8.60 17.57 19.43 18.30 0.00 17.32

0.16 0.60 0.70 0.53 0.53 0.15 0.34 0.40 0.40 0.00 0.39

0.98 0.25 2.27 21.92 0.94 1.28 40.44 28.02 55.89 288.81 9.44S2

Type of model

Empl

δ11*R

R*E

δ14*R

δ14*E

ln(R*E)

Obs.

F-stat

R2

R

lnEmpl

δ6*R

δ6*E

δ11*lnR

δ11*E

FTA Models with Fixed Time Effects

NAICS

Const

δ6

δ14

 
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

From the result presented in Table 5.5 we can observe that in the case of models estimated 

for construction, wood, paper, chemical, plastics and nonmetals sectors (NACIS 23 and 
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32), the interaction between revenue and employment is the significant factor accounting 

for the freight delivery trips attracted to these businesses. The interaction between revenue 

and fixed time-dependent effects and also between employment and fixed time-dependent 

effect were found significant in the case of retailers, manufacturers and food service 

related businesses, especially for the year 2014, again presumably, accounting for a 

reactivation post financial crisis. Significant effects for interactions between the years 

2006, 2011 and revenue, as well as the same years with employment were found for 

wholesale, retail, and manufacture related businesses. In particular, revenue was not 

significant for industry sectors such as food and accommodation services, transportation, 

and wholesalers.  

Table 5.6 shows the results corresponding to models considering continuous time-

dependent effects. These type of models also show that time-dependent effects have been 

replaced by the interaction between time and revenue in the case of construction and 

manufacturing industry sectors. We can also observe that again, very different slopes of 

the functions corresponding to the time periods before and after the crisis. An interesting 

patterns found for the attraction of freight trips in retail industry sector is that, the time-

dependent effect for the period after the crisis, present in previous versions of these type 

of models, seems to be replaced by the variable revenue, which means that specifically for 

this industry sector the attraction of freight trips in the period after the financial crisis can 

be explained by the changes in the revenue of this establishments. 
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Table 5.6: Freight trip attraction models with continuous time effects and revenue 

Lg-Lg Lg-Lin Lin Lin Lg-Lin Lg-Lg Lin Lin Lg-Lg Lg-Lin Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. - 0.591 1.997 3.025 0.627 - 2.680 2.628 1.590 1.845 1.694

t-stat - (5.30) (6.68) (3.31) (4.03) - (4.31) (4.38) (4.99) (5.29) (3.48)

Coeff. - - - - - - - - - - 0.453

t-stat - - - - - - - - - - (2.27)

Coeff. - - - - 0.235 - - - - - -

t-stat - - - - (2.28) - - - - - -

Coeff. - - - - - - 0.027 0.024 - - -

t-stat - - - - - - (2.77) (3.01) - - -

Coeff. - 0.010 - - 0.007 - 0.095 0.086 - - 0.072

t-stat - (6.46) - - (3.06) - (4.36) (4.37) - - (6.10)

Coeff. - - 0.200 - - - 1.974 2.905 - - -

t-stat - - (2.33) - - - (3.09) (4.93) - - -

Coeff. - - - - - - - - 0.251 - -

t-stat - - - - - - - - (3.86) - -

Coeff. - - - - - 0.327 - - - - -

t-stat - - - - - (10.52) - - - - -

Coeff. - - 0.014 - - - - - - - -

t-stat - - (8.02) - - - - - - - -

Coeff. - 6E-06 - 0.002 - - - - - - -

t-stat - (2.22) - (5.90) - - - - - - -

Coeff. 0.186 - - - - 0.096 - - - - -

t-stat (6.57) - - - - (3.63) - - - - -

44 122 36 33 70 52 179 121 33 12 99

0.00 25.30 32.98 34.76 14.77 36.11 15.39 21.25 14.89 0.00 19.76

0.16 0.30 0.67 0.53 0.31 0.42 0.21 0.35 0.32 0.00 0.29

0.98 0.95 2.46 21.92 1.04 0.55 47.69 30.03 0.66 1.46 11.53

Empl

FTA Models with Continuous Time Effects

F-stat

R2

S2

Type of model

T11*R

R*E

ln(T11*R)

ln(T11*E)

T14*E

ln(R*E)

Obs.

NAICS

Const

T11

T14

R

  
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

5.4 Freight Trip Production Models with Revenue 

The production of freight trips was also analyzed estimating econometric models 

including the revenue as an independent variable. Again the objective was to determine 

whether or not this variable is significant for freight trip production and whether or not the 

time-dependent effects found in these type of models could be explained by the revenue. 

The results of this process are presented in Table 5.7. 
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Table 5.7: Freight trip production models with fixed time effects and revenue 

Lin Lg-Lin Lg-Lin Lg-Lg Lg-Lg Lg-Lin Lin Lin Lin Lg-Lg Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. 2.196 - 2.635 - - - - - - - 2.313

t-stat (3.73) - (11.26) - - - - - - - (2.50)

Coeff. - - -2.462 - - - - - - - -

t-stat - - (-7.44) - - - - - - - -

Coeff. - - -2.181 - - 1.273 - - - - -

t-stat - - (-6.40) - - (4.05) - - - - -

Coeff. - 2.198 - - - 1.850 19.500 18.4 - - -

t-stat - (13.81) - - - (6.43) (7.01) (5.79) - - -

Coeff. - - - - - 0.214 - - 4.718 - -

t-stat - - - - - (3.62) - - (6.97) - -

Coeff. - - - - - - - - -4.235 - -

t-stat - - - - - - - - (-4.56) - -

Coeff. - 23.925 16.817 - - - 1E+03 9E+02 - - -

t-stat - (1.84) (2.14) - - - (6.26) (5.03) - - -

Coeff. - - - - - - - - 1.034 - -

t-stat - - - - - - - - (8.54) - -

Coeff. - - - - - -0.214 - - - - -

t-stat - - - - - (-3.62) - - - - -

Coeff. - - - - - - - - - 0.558 -

t-stat - - - - - - - - - (4.98) -

Coeff. 0.040 - - - - - - - - - -

t-stat (1.83*) - - - - - - - - - -

Coeff. 2E-04 - - - - - - - - - 0.004

t-stat (2.11) - - - - - - - - - (6.19)

Coeff. - - - 0.349 0.219 - - - - - -

t-stat - - - (9.15) (8.29) - - - - - -

19 56 13 16 27 45 52 36 16 7 12

33.49 56.81 22.05 0.00 0.00 5.69 52.77 37.69 38.34 0.00 38.32

0.81 0.51 0.88 0.36 0.50 0.29 0.51 0.53 0.86 0.32 0.79

4.42 0.86 0.22 0.93 0.93 1.09 46.43 50.41 12.86 1.04 8.24

FTP Models with Fixed Time Effects

NAICS

Const

δ6

δ11

S2

Type of model

δ14*R

R*E

δ14*lnR

δ14*E

ln(R*E)

Obs.

F-stat

R2

R

δ6*R

δ11*R

δ11*E

δ14

 
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

In the case of freight trip production models, we can observe that indeed the revenue was 

found to be a very significant variable to explain the production of trips within all industry 

sectors. time-dependent effects disappear in these models and are replaced by the effect 

of revenue only for the manufacturing and food and accommodation industry sectors. The 

interaction between employment and the year 2014, which was found significant across 
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almost all industry sectors also disappears in all industry sectors except for the 

construction sector. This pattern shows that the production of freight trips, in general, is 

rather explained by the revenue or the interaction between time-dependent effects and the 

revenue of the establishment for freight intensive sectors. 

Table 5.8: Freight trip production models with continuous time effects and revenue 

Lin Lg-lin Lg-lin Lg-Lg Lg-Lg Lg-lin Lin-Lg Lin-Lg Lin-Lg Lg-Lg Lin

23 31-33 31 32 33 42 44-45 44 45 48-49 72

Coeff. 2.196 - - - - 0.907 - - - - 2.313

t-stat (3.73) - - - - (4.66) - - - - (2.50)

Coeff. - - - - - - 13.927 12.911 19.013 - -

t-stat - - - - - - (7.10) (5.78) (5.03) - -

Coeff. - 0.733 0.878 - - 0.323 - - - - -

t-stat - (12.99) (10.96) - - (2.78) - - - - -

Coeff. - - - - - - 4.193 4.047 5.505 - -

t-stat - - - - - - (6.06) (4.99) (4.35) - -

Coeff. - 0.008 0.008 - - - - - - - -

t-stat - (2.97) (3.63) - - - - - - - -

Coeff. - - - - - - - - - 0.421 -

t-stat - - - - - - - - - (4.75) -

Coeff. 0.013 - - - - - - - - - -

t-stat (1.83*) - - - - - - - - - -

Coeff. 2E-04 - - - - - - - - - 0.004

t-stat (2.11) - - - - - - - - - (6.19)

Coeff. - - - 0.349 0.219 - - - - - -

t-stat - - - (9.15) (8.29) - - - - - -

19 70 14 16 27 48 44 29 15 7 12

33.49 55.67 64.54 0.00 0.00 7.74 37.39 25.34 19.33 0.00 38.32

0.81 0.45 0.84 0.36 0.50 0.14 0.47 0.48 0.60 0.27 0.79

4.42 0.97 0.23 0.93 0.93 1.25 27.71 27.01 23.84 1.12 8.24

R2

S2

Type of model

R*E

T11*E

ln(T14*R)

T14*E

ln(R*E)

Obs.

F-stat

Const

lnT11

T14

ln(T11*R)

NAICS

FTP Models with Continuous Time Effects

 
All variables shown are significant at a 95% (except for those signaled in the table with the sign “*” whose 

level of significance is 90%) 

Finally, the set of models considering continuous time-dependent effects reveal again the 

different patterns in the production of trips between the before and after crisis periods. As 

we can observe from Table 5.8, the time-dependent effects for the after crisis period are 

replaced by the effects of revenue in the case of manufacturing, retail, and food services 

industry sectors. However, some of these results might not be conclusive since due to data 

limitations, the number of observation available was reduced since not all establishments 
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are shippers, and among the set of shippers included in this study many of them did not 

report their revenue. 

The results, in general, reveal that indeed the time has a significant effect on the parameters 

of freight trip generation models, thus when not considered, these effects could cause 

serious estimation errors. We can also observe that the models are consistently remarking 

an increase in the amount of trips in the year 2014 or the period corresponding to years 

between 2011 and 2014 which is right after the financial crisis that took place in 2007-

2008. This pattern is present especially for the construction and manufacturing industry 

sectors as well as wholesale and retail. This could suggest a reactivation of the economy 

for this period which could be explained by the reactivation that took place after the 

economic crisis from 2007-2008. In the case of freight trip production models, in 

particular, that trend showing an increase in the number of trips produced in the year 2014 

is also present. Models with fixed time-dependent effects also suggest that in the years 

2006 and 2011 the number of trips produced was drastically reduced which is also 

consistent with the effects produced by an economic crisis. 

When the revenue is considered, some interesting patterns are also observed. In the first 

place, we can observe that in general, the variable revenue is very significant to explain 

the attraction of freight trips, especially in the case of the industry sectors of 

manufacturing, wholesale and retail. Additionally, combined effects between the revenue 

and employment. This pattern reveals that both variables contribute to better explain the 

attraction of trips. We can also observe that the significance of the time variable for the 

year 2014 in the case of fixed effects, and the period of time between 2011 and 2014 for 

the case of continuous time effects disappears for most of the industry sectors when the 

revenue is considered, which suggests that the variable revenue also helps to explain the 

changes in freight trip generation patterns produced in time. 

Finally, an interesting pattern can also be observed with the inclusion of time-dependent 

effects and the revenue in freight trip generation models. From previous studies, it is 

known that power models –included in the OLS regression as logarithmic-logarithmic 

models- tend to better fit to the data in freight trip generation in most of the cases [5]. The 

results of this study reveal that when the time-dependent effects variable and the revenue 

are taken into account, linear models tend to produce better results than exponential and 
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power models for most of the cases, which could suggest that the effect of these new 

variables tend to linearize the shape of the models. 

5.5 Comparative Analysis of Estimation Errors 

With the objective of testing the overall performance of the estimations of the models 

presented for this study, a comparative analysis is conducted between models presented 

in the literature of freight trip generation for New York City by Holguin-Veras, et al. [5] 

that do not consider time-dependent effects and the models estimated as part of the present 

work. The comparison is presented by means of two measures of forecast accuracy. First, 

the root mean squared error (RMSE) of the estimations drawn by both sets of models is 

used and the results are compared and analyzed. Then the models are compared again 

using the mean absolute percentage error (MAPE) and some concluding remarks are 

presented. The results of this comparison are presented in Table 5.9 and Table 5.10. 

Notations:  

Model P25  Denotes the type of functional form used for the freight trip generation 

models presented by Holguin-Veras, et al. [5] which do not consider time-

dependent effects.  

RMSE P25     Denotes the root squared mean errors of the models presented by Holguin-

Veras, et al. [5] 

MAPE P25  Denotes the mean absolute percentage error of the models presented by 

Holguin-Veras, et al. [5] 

Model TE  Denotes the type of functional form of the models estimated considering 

time-dependent effects. 

RMSE TE  Denotes the root mean squared errors of the models estimated considering 

time-dependent effects. 

MAPE P25 Denotes the mean absolute percentage error of the models estimated 

considering time-dependent effects. 
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Table 5.9: Freight trip attraction models RSME comparison 

Model P25 RMSE P25 Model TE RMSE TE

23 Log-Log 5.689 Lin 4.892

31-33 Lin 8.835 Log-Log 10.001

31 Log-Log 1.970 Lin 1.506

32 Lin 5.631 Lin 4.811

33 Log-Log 12.379 Log-Log 11.885

42 Log-Log 11.012 Log-Log 12.681

44-45 Log-Log 6.794 Lin 6.359

44 Log-Log 5.957 Lin 5.293

45 Log-Log 8.371 Lin 7.476

48 Log-Log 19.831 Log-Log 15.119

72 Log-Log 3.560 Lin 3.073

NAICS
FTA

 

Table 5.10: Freight trip production models RSME comparison 

Model P25 RMSE P25 Model TE RMSE TE

23 Lin 2.256 Lin 2.103

31-33 Log-Log 9.521 Log-Lin 8.537

31 Log-Log 7.032 Log-Lin 4.629

32 Log-Log 14.060 Log-Lin 11.362

33 Log-Log 6.785 Log-Log 6.011

42 Log-Log 7.408 Log-Lin 6.454

44-45 Log-Log 11.060 Lin 6.814

44 Lin 6.993 Lin 5.882

45 Log-Log 6.073 Lin 3.586

48 Log-Log 12.302 Log-Log 12.302

72 Lin 4.042 Lin 2.870

FTP
NAICS

 

As tables show, except for the case of NAICS 31-33 and 42, all models considering time-

dependent effects present lower root squared mean errors, which suggest that these models 

have a better fit to the data and are able to draw better estimations of freight trip generation 

in freight intensive sectors than models that do not consider time-dependent effects.  

The larger errors obtained for NAICS 31-33 and 42 in the models considering time-

dependent effects, could be explained by the fact that the models for those models include 

the variable revenue as a predictor, and due to a considerable occurrence of missing data 

points, the number of observations in these models is drastically reduced. When a model 

without revenue and only accounting for the time-dependent effects in these industry 

sectors is used to produce the estimations the root squared mean errors reduce and become 

lower than models not considering time-dependent effects as Table 5.11 show. 
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Table 5.11: RMSE comparison using models without revenue 

Model 25 RMSE 25 Model N RMSE N

23 Log-Log 5.6890649 Lin 4.892247

31-33 Lin 8.8349 Log-Log 8.6375

31 Log-Log 1.9698581 Lin 1.506466

32 Lin 5.6311127 Lin 4.8107

33 Log-Log 12.379463 Log-Log 11.88472

42 Log-Log 11.012207 Log-Log 10.7939

44-45 Log-Log 6.7942512 Lin 6.359065

44 Log-Log 5.9567097 Lin 5.293248

45 Log-Log 8.3712305 Lin 7.47599

48 Log-Log 19.831462 Log-Log 15.11923

72 Log-Log 3.5598792 Lin 3.072642

NAICS
FTA

 

The Table 5.12 and Table 5.13 present the results of the comparison using the mean 

absolute percentage error (MAPE) 

Table 5.12: Freight trip attraction models MAPE comparison 

Model MAPE P25 Model MAPE TE

23 Log-Log 175% Lin 194%

31-33 Lin 126% Log-Log 240%

31 Log-Log 64% Lin 48%

32 Lin 178% Lin 239%

33 Log-Log 126% Log-Log 115%

42 Log-Log 238% Log-Log 100%

44-45 Log-Log 211% Lin 183%

44 Log-Log 226% Lin 164%

45 Log-Log 157% Lin 207%

48 Log-Log 674% Log-Log 296%

72 Log-Log 149% Lin 127%

NAICS
FTA

 

Table 5.13: Freight trip production models MAPE comparison 

Model MAPE P25 Model MAPE TE

23 Lin 71% Lin 63%

31-33 Log-Log 307% Log-Lin 158%

31 Log-Log 162% Log-Lin 39%

32 Log-Log 362% Log-Lin 281%

33 Log-Log 250% Log-Log 147%

42 Log-Log 278% Log-Lin 183%

44-45 Log-Log 842% Lin 183%

44 Lin 322% Lin 600%

45 Log-Log 239% Lin 222%

48 Log-Log 183% Log-Log 166%

72 Lin 142% Lin 195%

FTP
NAICS
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The results for MAPE also show that for 72% of the cases the models considering time-

dependent effects and revenue present a lower mean absolute percentage error than those 

not considering time effects. In the case of freight trip attraction, 7 out of 11 of the models 

considering time effects present a lower value for MAPE, while in the case of freight trip 

production 9 models were superior to those not considering time-dependent effects. 

Considering that in general, for all models estimated as part of this study we are adding 

explanatory variables such as time-dependent effects and revenue which are significant 

and improve the quality of the models, equal or lower errors should be expected compared 

to models not considering these effects. However, one disadvantage of the MAPE is that 

this measure puts a heavier penalty on positive errors than on negative errors which could 

be the reason why some of the models considering time-dependent effects have larger 

values for MAPE.  
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6. IMPLICATIONS FOR PLANNING AND POLICY PURPOSES 

The set of findings derived from this study could have important implications for planning 

and policy purposes since freight trip generation models are very often the foundation 

stone of traffic management studies and operations, traffic demand management, 

transportation system planning and transportation infrastructure design among other 

activities of high importance to the economy. In this section, the set of important findings 

of the present study are summarized and their implications for planning and policy 

purposes are described. 

Key findings: 

 Freight trip generation models are not temporal stable but rather, the time has a 

significant effect on the model parameters. The implications of this pattern are:  

o If models are implemented without taking into account the time effects, 

serious problems of under or overestimations in the number of freight 

trips would occur. This will negatively impact the costs incurred in 

design projects as well as cause an under or over the capacity design of 

transportation infrastructure.   

o The policies implemented based on such inaccurate models may also 

result in being ineffective since the base models used in the analysis 

would not capture the real freight trip generation patterns. 

 The results also reveal that freight trip generation patterns are highly responsive 

to market disruptions such as financial and economic crises. The implications of 

this are: 

o The analysis derived from freight trip generation modeling processes 

including time-dependent effects and revenue could help practitioners to 

better understand and quantify the effects of major market disruptions in 

freight trip attraction and production patterns which could be used to 

increase the effectiveness of transportation policies and traffic 

management. 

 In some industry sectors, the inclusion of revenue in the models seems to help 

explain or account for the time effects in freight trip generation models.  

o The implication of this pattern is that in cases when no time-dependent 

information is available to include in freight trip generation modeling 

processes, the revenue of the establishments could also be included to 

ensure the validity of the models to avoid estimation errors that could 

have a negative impact when models are implemented with planning and 

policy making processes. 
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 Freight trip generation models tend to be linear rather than exponential, with the 

inclusion of time-dependent variables and the revenue. 

o This suggest that these linear models could also be used for forecasting 

purposes, rather than exponential models, since one disadvantage of such 

type of models is that although they have a good explanatory power, they 

are not conceptually valid for forecasting purposes since the generation 

of trips increases dramatically when high values in explanatory variables 

are normally present, which is the case in metropolitan areas like New 

York City, with a great deal of heterogeneity within the industry sectors.  
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7. CONCLUSIONS AND RECOMMENDATIONS 

Freight trip generation models are commonly the founding stone of important 

transportation infrastructure design projects, transportation system planning studies as 

well as transportation related policy making processes. Therefore, having freight trip 

generation models able to produce accurate estimations is vital. Stability of model 

parameters is a common assumption in passenger trip generation, meaning that models are 

assumed to be transferable over the time and well-suited to produce accurate estimation 

for different time periods. However, as demonstrated in this study, models estimated for 

freight trip generation are not stable over the time, but rather present significant time-

dependent effects. Not accounting for such time-dependent effect in freight trip generation 

models could cause serious under or overestimations in the number of trips generated by 

a certain industry sector; the afore mentioned situation could cause also negatively affect 

costs in transportation system improvement projects or could lead to the implementation 

of ineffective transportation policies with the corresponding misuse of public funds.   

The results presented in this study also reveal that including continuous time-dependent 

effects and the revenue of establishments is not only highly significant to improve the 

accuracy of the estimations produced by freight trip generation models but also provide 

predictive capabilities to the models allowing them to be implemented in future scenarios 

studies accounting for time-dependent effects. Therefore, it is recommended to include 

time-dependent effects in freight transportation modeling. 

Finally, another important implication of this study is that freight trip generation models 

are very responsive to market disruptions taking place over the time which is captured by 

including in the models for freight trip generation time-related variables and variables 

accounting for changes in the revenue of establishments.  
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